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Mapping Exposed Silicate Rock Types and Exposed Ferrice
’ and Ferrous Compounds from a Space Platform

Quarterly Report for Period 8 March - 8 June 1974

The following report serves as the fifth quarterly report for this
contract, which is entitled "Mapping Exposed Silicate Rock Types and
Exposed Ferric and Ferrous Compounds from a Space Platform." The financial
reports have been submitted monthly under separate cover,

During this quarter, screening film was received for SL-4 data, start/
stop times of S-192 data were defined for the Southern California test site,
a paper was presented at the Ninth Remote Sensing of Environment Symposium
which theoretically (based on laboratory spectra) predicts the usefulness
of §-192 data for geologicazl remote sensing, and ratio processing of actual
§-192 line-straightened data (received from NASA for another ERIM contract)
was begun for algorithm testing purposes on am area near White Sands, New
Mexico. The screening film of S-192 data over Southern California of bands
6, 9, and 13-1 are encouraging from the standpoint of apparently gocd
signal-to-noise. The Pisgah Crater test site was only partially covered
by the data colleéted, but the remainder of the image strip provides enough
geological targets to make up for the uncovered portioms of the test area,
The $-192 start and stop times requested for line straightening are as
follows: : ' '

START 026:19:42:21 GMT
"STOP  026:19:43:25 GMT

The data were collected on 26 January 1974, but the regions of interest aré
free of snow and clouds, - ‘

The contrast in thermal image {from band 13-1) may be good enocugh to
enable detection of very warm geothermal areas. An ozalid color composite was
made of the three channels of data to search for areas which have high visible-
reflective IR albedo, but yet are warmer than average for the scene. For
such anomalous areas, the above-average thermal brightness could be caused by
bright-faced slopes toward the solar direction (sun elevation was approximately
45°, since data collection was at mid~day on 26 January), relatively low thermal
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inertia materials, or geothermal heat scurces. Geothermal sources close
enough to the surface to have temperatures elevated enough to appear warm
on SKYLAB S-192 images may also be accompanied by relatively bright clays
and possibly iron oxides, both of which can be products of hydrothermal
alteration. Thus far, two anomalies have been found in the color composite
which have high visible-reflective IR albedo and.yet are warmer than average.
[Note: This is neither a sufficient nor necessary condition for gecothermal
sources; it only elminates the low albedo-high temperature targets.] One
area is small (sbout 1 km diameter)} and occurs about two miles north of a
concealed portion of the Pinto Mountain fault, just west of Twenty-Nine
Palms, California. From a recent geologic map, there is no evidence of
either an appreciable slope or geothermal activity. The other area, for
which a geologic map has been ordered, is in the Southern end of Palen Valley.
The 1:250,000 topographic map for the Salton Sea region shows that sand
denes and Palen Dry Lake are in the general vicinity of this anomaly, which

"would suggest that a sunward-facing slope of bright material (such as sand)}
may be causing the anomaly. These areas will be checked in the field within
the next six months, if possible, In addition there are warm places along
the San Andreas fault, but not even low albedo could be excluded from the
possible causes of the slightly above-average temperatures of those places
by this rather crude color composite method.

The paper presented at the Symposium (Ann Arbor, Michigan) in April,
entitled "SKYLAB S~192 Ratio Codes of Soil, Mineral, and Rock Spectra for
Ratio Image Selection and Interpretation,'" is reprinted at the end of this
quarterly report., It is a limited systems study of the $5~192 scammer for
geological remote semsing, using 211 laboratory spectra as “sigpa:ures”
of various rocks, minerals, and soils. Included in it are the following
significant items of information:

1) Prioritization of the single channels of SKYLAE for compositional
mapping. :

2) Selection of twelve {of a possible sixty~six) best ratics for
compositional mapping.

3) Ratio codes of the top twelve spectral ratios for all 211 |
samples, for choosing the best ratio image to enhance
particular geoclogic targets.

4) When to use single channel inputs and when to use ratio
inputs for automatic recognition.

5) What geologic classes SKYLAB $~192 data are expected to
separate well and poorly.

This paper should be helpful to all investigators using raticing for
compositional mapping, and may be of assistance in the selection of spectral
channels for future satellites. It is the most significant work reported
thus far in this contract. :



Z FORMERLY WILLOW RUN LABORATORAIES. THE UNIVERSITY OF MICHGAN

102000-22~L
Page &

Finally, it has been decided to use line-straightened S-192 data
already supplied to ERIM under another contract (NAS9-13386) for the
purpose of testing the ratio algorithms to be used later with Scuthern
California data of SL-4. The in-house data (White Sands, New Mexico) are
rather bland in geological content compared with -the Southern California
test site, but it will be used to prepare the way for the SL-4 data,
whenever it becomes available. More will be reported on this subject

next quarter.

Respectfully submitted:

Bl

Robert K., Vincent
Principal Investigator

' Approved by: F _\ *%bm ‘ﬁﬁ‘/

Richard R. Legault
Director — Infrared and Optics
Divisien

RKV/RRL/QIC
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SKYLAB 5-192 RATIO CCLES OF SOIL, MDERPAL, AND

ROCK SPECTRA FCOR RATIC THMAGE SETECTTON AMD INTERPRETATION

R. K. Vincent
W. W, Plllars

Envirommental Research Institute of Michigan
Ann Arbor, Michigan

' ABSTRACT

The SKYLAB S-192 multispectral scamner has twelve charmels in the 0.4 ~ 2.5 um wavelength reglon
ard a single broad-band thermal infrared channel, intended solely for terperature measurements.
Since spectral ratic imzges nave been shown with other scanners to be useful for enhancing certain
geologic targets and for suppressing unwanted atrospreric and solar illuminations across the scanned
scene, ratioing will be erployed for similer purposes with SEYLAS data. There are 66 spectrzl ratios
{excluding reciprocals) that can be constructed from the twelve visidble-reflective infrared channels
of the 3-192 scarner. Clearly, it is not economically fe=asible to produse all possible ratio imeszes
for large blocks of SKVLAD data. To aid investigators in selecting optiruom ratlo Images, all possible
SKYLAR single channel refisctances and raticos were calculzted for approximately 211 labeoratory spectra
of solls, minerals, and rocks., idnear discriminant analysis vas used to separately rank the twelve
SKYLAB charrels and sixty-six ratios according ¢o their ability to classify these laboratory sammles
iInto seventeen sssigned classes. The twelve highest rariced ratlos were converted to ratio codes,
which compress eech spectrima in the 0.4 - 2.5 um wavelength region to a singis nurcer. The ratio
codes can be used to select the ratlo lmages which wlll best enhance a target of interest, They
can also be easily searched for false alarm candidates (or "lcok-alikes") of a given target.

For automatic geologic mapping, twelve single charmnel imputs to linear discriminate analysis
were found superdor for seven geolcgic classes, twelve ratio Inputs to the same statistical analysls
were superdor for six classes, and the two cases produced nearly equivalent results for four classes.
However, the greater indepencence of ratios on envirornmental and instrmoental ncise tenés to favor
ratios for the latter Ifowr classes, Because of their sirmplicity and photo-interpretability, ratio
Images are recormended over autoratic mapping methods for those materials whieh the ratio codes
indicate can bte enhanced by ratloing. '

The results of this study indicate that the SKYLAB 3-192 scarmer should be most useful for
mapping products of hydrothermal alteraticn, weathering, and evaporaticn, but that discrirination
arong igreous rocics will be difficult, This suggests that 5192 data should be quite useful for
mineral exploration, but the il potential of general surface geologic mepping by satellite will
probably not be reached until high spatial resclution {<30m) scarners with multiple-channel thermal
Infrared capability have been orbited.

INTRODUCTICN

The first ratio irnge frem multispectral scanner data was produced in 1970 from alreraft data
ard reported In the Seventh Intermational Syrposium on fRerote Sensing of Environment [i). In that
experirent, the radiances of two thermal Infrared channels were ratioed, resulting in a ratio image
which was crudely corvelated with 5iC, content of exposed rocks. Since then, spectral ratiec Iraging
has been employed by several investigators of variocus disciplines. Some of the rost recent
geologleal arplicaticns of 1ztlo iraging have been fer the purpose of enhancing iren oxides in ERTS
FSS data [2,3]. Plans wre n3w being mode by rony geological investisators to utilize the SKYLAB
5-192 radtispectrel sezvier for goolcgical remote sansing, Tney will be attercting to enhance
partleular mirerals ana roeks and to perform general peclomical ropping. Some of this nrocessing
wWill dnvelve spectral ratisin, A Sypleal ner of sinzie chamiels or ratlos utilized for pro-
ducing;, autcratic recorniticn maps is six.  ticwoever, there are twelve S-192 chanrels in tre
0.4 - 2.5 ua speetral resisn, from which sixty-six unigue (non~reciprocal}) spectral ratios can be
formed., 'ihwre 15 1 elear nood to priordtize toth the sinrle charrels ond ratios accorcing to their
abllity to discririrale wers rocrs, minerals, and solls for geologleal renmote sensing experiments
from SEYLAD 5-1%2 data,



The purpose of this paper is to provide qualified answers to Ehe followlng questions concerning
the twelve visible-reflective IR charnels of the SRYLAB 3-192 scanner, on the basis of 211 laboratery -
spectra of rocks, minerals, solls, and some vegetation:

1) that are the test sirgle chamnels with which to preduce automatic recognition maps for
geologlcal remote sensing?

2) Wwhat are the best spectral ratios with which to proeduce automatie recognition maps for
geologleal rerote sensing?

3) What materdals can be enhanced in a single spectral ratio image, and which ratio should
be chosen for each of these materlals?

4) For which classes of geological targets do single channels provide better multispectral
discrimiration than spectral ratios, and vice versa?

5) What geologle classes wlll SKYTAB 3-192 be most capable of discriminating?

Tre qualifications to the answers to these questlens will be threefold: no envirormental
{atmosphere, solar illumiraticn, ete,) or instrumental (elsctriecal noise, gain factors, ete.) effects
are considered; the 211 lzboratory spectral utilized represent available data and do not provide
pood statlsticzl sarples of all target classes; and the seventeen target classes defined for this
study are scmewnat subjective. .

METHODALOGY

The Earth Rescurces Spectral Information System (ERSIS), created for NASA by ERTM, contains
over 3,000 reflectance scectra of natural materials [4,5,6). 3ZRSIS was searched for all speetra of
rocks, mirerals, and soils that spanned the 0.4 - 2,5 ym wavelensth regien and which represented the
mre realistic grain-sized sarples (sarples with particle diameters exclusively less then 74 1 were
omitted). To this, three vegetation spectra (ccarse gress, clover, and dead grass) were added. Tne
resulting 211 spsctra, vihlceh hereafter will be called the geological data collecticn, were divided
Into seventeen classes, as shown by Table 1. The mineral clesses, 1-9 and 17, represent spectra of
pure ninerals.

Linear discriminant analysis {7)] was the method selected for prioritizing the S5-192 charnels
and spectral ratlos according to their ability to discriminate among the seventeen classes of
Table 1. This rethed, which assumes equal covariences, is not expected to be as powerful as the
STEP-L program (8] of ERIM, which chooses best chennels by minimizing the average pairvise probability
of misclassification, but the linear discriminant analysis methed is currently rore amernable to the
use of laboratory spectra as signatures, Given the known reflectance spectra of seventesn classes
of materials, an unidentified reflectance spectrum can be classified as crne of these clazsses by cal-
culating its diseriminant function for each of the seventeen classes, and assigning the uricown
spectrum to the class for which it had the largest discriminant funetion. The equation for the
discriminant function Dik of the ith target class for the kth sample spectrum in the ith target
¢lass is given by - -

n
s D, =g +1 ‘a c
C kT Re T 13 )k e

CJ K" spectral parameter of the kth sample spectrum of the ith class for
the jth charmel {(or jth ratio)

n = muber of channels {(or ratlos)
a,., = constant for the ith class

aiﬂ = discriminant coefficient for the ith class and jth channel (or ratio)

When only sinzle chonnels are used as inputs to this elassification scheme, C,,,, 1s the average
latoratory-reasured refluctance of the i, kth sarle in the spactral rerion ctTired by the Jtﬁ muiti-
spectral comner etoveel.  ren speetral ratlcs are the only inputs, C,,,. 18 the cuatient resultins
frem a divisicn of lowor —mrasired rellectances In the two wavelerstl reglons covered by the two
mutispeciral scarner cisanels ucwd o fom the Jth ratlo. Tlere 1o cenly one sct of coefticients
(am and al J’s} for each tawrget class.  bhen an wugwan geologleal sanple 18 to be classitied, its




TAHLE 1

ROCK, MINERAL, SOIL, AMD VEGETATICN CLASSES

CLASS NU-ZER
NUMEER IN CLASS
1) NAME {¥1)
1 Oxides and hydroxides (Exeluding Common 27
Iron Cxldes)
2 Sulfur, Sulfides, and Sulfates 24
3 Halides ] 6
L] Prosphates 5
5 Carbanates 29
6 Clay Minerals 8
7 Quartz and Feldspars 19
8 Ferrcmagnesian Minerals 35
9 Minor Silicate Minerals 8
10 Felsic Rocks and Chert 7
1 Intermediate Rocks 5
12 Basic and Ultrabasic Rocks 9
13 Clay Sells - 3
14 Loam Soils 13
a5 Sandy Solls and Sand [
16 Vegetation 3
a7 Comron Iron Oxides 4




reflectance spectmm 1s measured, C,ik‘s are calculated (cjik = ch for the unlmown sarple), and

substituted into eguation (1) for each target class. Hence, for 17 target classes there are seven-
teen discriptnant runeticns which are calculated, The sarple 1s then classified as belonging to that
target class for which the diseriminans Dumction is greatest, Geeretrically, & discrimirant funeticn
for a given class describes where the urkmown sarple spectrum vector 1les in n-space, relzative TG a
hyperplane that separates the volume wnich encloses the given class from the volures defining each
of the other classes.

Although lirear discriminant analysis was originally devised as a classification rethod, it can
also be useful for selecting the best chornels or ratles for discriminating among the defined target
classes (17 in this case). [iote: the rethed ard results descrited here for ranking single chznnels
and ratios are screvhat different (and tetter) than those given in the oral presentation of this
paper. The followirz dossribes the subroutine SEPARALE In tre University of lMichigan's Statisticel
Research laboratory's MIDAS progoan collection.] Tne best single charnel (or ratlo) is chosen on
the basis of the largest F-statistic, where | :

T :
1 : = =2
e L K - %)
=1 el 1 15~ %
P, = ’
J I K
I ta R e N )
k=1
where ) .
FJ = P-statistic for jth single charmel {or ratio)

I = ro. of target classes (17)
Ky = mo. of semples in ith target class

N = total no. of samples (211) in the geologleal data collection

xidk = observed reflectance (or ratio value) in the jth channel {or ratio) of the kth
sample in the ith class -
X a1l -
I._.u K, t Xy = aVE. observed reflectence (or ratle value) of the jth channel
k=l 3 (or ratioc) over the ith cliss

TC'J =1 I KX Xygi = ave. cbserved reflectance {or ratio value) of the jth
H z A charmel (or ratio) over all sarples in the gaologlical
1=1 k=1 data collectlon

Once the best chamnel {or ratio) 1s chosen, a diseriminant function Dik‘]' is ecalculated from
equation 1 for each sample in the geological data callection, using the best ch 2l {or ratio)
and ore of the remiining charnels {or ratios) denoted by J'. These Dy ars substituted for the
observad reflsctances (cr ratios), Xixi, in eguaticn 2 and Fyy is calculated. For all the other
reraining J' cnarnels, Fiv are caleuizted In like marner. e peratning chanrel with the highest
Fy1 is chosen as ceocnd Lest. This prosedure 1s relterated, calculating Dige's with the best
two charnels and one or ihe crrer rerainirg channels. The hest linear corbirmation of channels
{or ratics) is fowd throwsh this repression procodure.  After each new channel is selected, the
significance of all charniels are togied. If a previously chosen chormel becomes less simificent
than a user-cpeclified level, it s digearded end bescres an rerber of the "remalining" channels
once Efain,  Lhe regression procosds witil a user-spezificd significance level of the firal
F-statistle is 1vacred. In thls popger, & now chrrrel was selected cily if 1t had a significance
tevel less than 0,19, and a previously crosen chmrel was rejected If its signiflicance level

rose otove 0.20.



RANKINGS OF S-192 SINGLE CHAMNELS AMD SPECTRAL RATIOS

The tvelve single charnels of the 5-192 multispectral scanner were priortized according to the
above procedure, with the resulting rankings shown in Table 2. %o do this, the averzge reflectances
of all 211 specira were calculated for the twelve visible-reflective IR 5192 channels, and these
average reflecterces were sutstituted Into eguation 1 as C,,,.. As an aid to physically understanding
the meaning of thase rarkings, Figure 1 shows the reflectar?@ spectra of a few minerals in the
0.5 - 2.5 yn sgectral region. Spectral regions covered by SHYLA3 5-192 chanrels (chamnels 1-7 are
not shown indiviiiaily) ard IRTS M35 charnels are shown. Toe highest ranked chenrel (2.1% - 2.34% pm)
rordtors the spectral regicn in which rerlectance minima ceused by carborate (CC.) and hydroxyl
{OH™1) {ons cccur. The seccnd-raniied channsl covers the 0.%93 - 1.05 pm spectral regilon whlch,
according to Figure ), 1is rrirarily rmenitoring the aksorption bands {reflectance minina) creduced by
transition retzl lons (prirerily Fel, Fed”, and Cu?’). It is not swrorising that the lowest ranked
charmel covers the 0.42 - 0.45 um region, becazuse the spectra in Figure 1 show the least stectral
econtrast fven cre armctrer in thls violet reglon and rot much new information can be obtained frem
this channel that is rot aiready available from the third ranked channel, It is significent for
multispectral scarnars that three of the fowr top-renked channels are elther beyond or on the
extrem:s edge of the spectral renge of photographic f£ilm.

To find best ratlios, 21l sixty-six non-reciprocal spectral ratlos were calculated for the 211
sample spectra, and these were substituted as C,,., into equation 1. Resulting from the same pro-—
cedure descrived above, the twelve hignest renkéd”spectral ratios are shown in Teble 3. Seven of
the top twelve are ratics of adjacent or cnce-removed chanrels. Sinee ratics zre a form of non-
linear processing, it is not swrprising that the highest renked ratios involve scre of the lower
ranked single charnels. It is siznificant that the top twelve scectral ratios utllize only ten of
the twelve single chennels, Channels 1 and 6 were excluded from use In the twelve highest ranked
spectral ratios.

SKYTAB 5~192 RATIO CCDES

The previcus section answered the first two questions posed in the Introduction. The third
questlon will now be addressed: what materials can be erhanced In a single spectral ratio image,
and which ratio should be chosen for each of these meterials? Decause this question requires the
reader to examine spectral information frem practically all of the 211 spectra in the geological
data collecticn, a form of data compression was Instituted. All twelve of the ratios shown in
Table 2 were calculated for each of the 211 spectra. For each spectral ratle, a histogram of
nunher of spegtra versus ratic value was plotted. From this, ratlo ranges were defined such that
the spectral curve "populzticn" was divided into deciles, and the ratlic range corresponding to the
_ first decile (the 10% of scectral curves with the lowest ratlo values) vas coded with “0", the second
decile with "1", ete., on up fo the declle with the highest ratlo values, which was coded with
ngh, The resulting informasicn was used to form a twelve—digit ratlo coce r'or each spectral curve,
with each digit positicn deseriting a different ratio (the highest to lowest ranked ratios go from
left-to-right in the ravio ccde}. Teble 4 gives the ratic ranges associated with each decile ard
Table 5 lists the twelve-dizit ratic cedes for all 211 spectral curves in the geologleal data
eollection. The ratios in Tables 4 and 5 correspond to the twelve ratios in Table 3.

Figure 2 gives an exarple of how to interpret ratio codes, Hematlte has a "9" in the third
digit position, which means that in an Rg,, ratio image (charnel 8 divided channel 4 for the $-192
scamner), hsmatite would zppeer brighter than 904 of the sarples represented by the 211 spectra in
the geologiczl data eollection. A "0" in the second diglt position indicates that in a ratio imoge
of R3 , hematite would appear darker than 80% of the other samples. .

If the assurption could be made that the population of the geologleal data collection represents
well the relative arounts of each target class present in a typlcal scene, then the phrase "of the
other samples represented by the 211 spectra in the geological data bank" could be replaced by “of the
materials in the sceng". The geologlcal data bank populatien described in Table 1 probably does
rot resemble any geclepical scene closely, but there appear $0 be enough similarities with arid, and
seri-arid terrain to make a lcose interpretztion of this type useful. Mindful that this zress
assuption kas been made, for arid and semi-arid terrain it is possible to get an idea of the relative
brightrioss of a given material in gach of twelve ratlo imares by examinirg the twelve-digit ratio
code of thot material, The definition of enhoncerent for the case of ratico images 1s taken here to
mean thet a ratlo Imre can ve preduced in which the target of Interest is one of the brightest or
darrest ceblects in the sSeene, Theretore, those ratlos for which a raterial has a "g" or "O" ratio
eode arv recirmended for enrancing trat raterlal. In the case of hematlte, for exarple, the Rg ., R.T 5
Rg,ss Ra s, and Ry ; raties would be recerverdsd, Avproxinately 355 of the 211 samples in the ’ 2
gecleoglenl 'data bl have neithor a 9" nop "GOV in thelr twelve-dirlt ratlo codss, however. For
these roturials, rotio liore ontyincemont s less uselul.  iowever, the ratio codes chould be helpful
in intermrotingg Individeal petio frapes in general, oven for those materials not enhanced in the
ratlo Lroge of intercst. For Instance, the ratlo codes can be easlly searched for false alarm



FIGURE 1

SPECTRAL REFLECTA'CE COF IRQN QXIDES, ORE MIMERALS, AND SILICATE MINERALS
ERTS and SKYLAB Jlultispectral Scanner Channels are indicated on each graph
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FIGURE 2
TWELVE-DIGIT SKYLAB S-192 RATIO CODE FCR HEMATITE
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and P4 and p ] are the integrated reflectances of a laboratory
spectrum of hematite in the Ith and jth spectral charnels
of the SKYLAB 5-192 multispectral scarmer, respectlvely,

Each digit corresponds to a ratlo range that defines a
decile of the population in the data bank, For instance,
a 9in Ra' y Teans that hematite would be brighter in an
RB,II ratio irmge than 90% of the other materials in the
data bank.



TARLE 2

RANKING CF SKYLAB S-192 CHANIELS FCR PRODUCING AUTCMATIC
RECOGNITION MiPS CF ROCK, MO ZRAL, AND SOIL CLASSES
(BASED QN DISCRIMGLANT ANALYSLS OF 211 LABORATORY SFECTRA)

CHANNEL
RANK NUMEBER VAVELENGTH (um}
1 12 2,10 - 2.ju
2 8 0.93 - 1.05
3 2 0.55 - 0.50
4 1 1.55 - 1.73
5 5 0.60 - 0.65
& . 4 0.54 - 0.60
7 7 0.77 - 0.89
8 9 1.03 = 1.19
g 10 . 1.5 - 1.28
10 6 0.65 - 0,73
n . 0.50 = 0.55
12 0.42 - 0,45




TAHLE 3

TWELVE FEST RATIOS FCR PRCDUCING AUTCMATIC FECOGHITICN MAPS
OF ROCK, MDIZRAL, &0 SOIL CLASSES FECH SKYLAB §-192 SCAINZR DATA
(BASED ON DISCRLILLANT AMALYSIS CF 211 LABORATCRY SPECTRA)

RS FA10
‘ L, (0.77 « 0.89 ym)
1 . Bpg ™ L, T0.50 - 0.85 wa)
, L3 {0.50 = 0.55 um)
B2 7 LTG50 wm
Ly (0.93 - 1.05 um).
3 Rgy. = L, (0.58 = 0.60 um)
. Iyg (1,15 - 1.28 um) -
Bo,9 = Iy (103 - L.15 um)
L, (2.10 - 2,34 um)
5 - R L; (3.5 - 1.73 wm)
) L, (0.77 - 0.89 um)
. Bpa = L, (050 - 0.55 um
, Iy (0.5% - 0.60 um)
Ry2 L, {0.15 = 0.50 um)
_ Ly (0.54 - 0.60 um)
8 B3 I3 (0.50 - 0.55 um)
. _ - L, (0.77 = 0.89 um)
: | “1,.? L, (0.5 = 0.50 ww)
- 17 {0.77 -~ 0.89 ym)
10 Ry L, (050 = 0.60 vm)
i Ly (0.93 - 1.05 um)
1 : Rg 5 I (0-50 = 0.55 )
. g (0.93~1.05um)
12 Ra,7 L, 077 = 0.57 v}




ot

0.392
0.754
0.277
0,858
0,162
0.336
0,743
0.893
0.382
0.319
c.331

0.589

0.940
1.011
0.839
0.975
0,524
0.876
1.035
1.003
0.949
0.854

0.884

0.922

1.021

1.028

0.986
0.992
0.727
1.036
1.065
1.027
1.093
1,006

0.990

0.968 |

TABLE 4

RATTO RANGES FOR S-192 RATTO CODRS

1,063

1,045,

1.049
1.000
0.828
1.095
1,090
1.036
1,139
1,063
1.051

0.992

1,080
1,066
1.110
1.008
0.891
1.166
1,116
1,050
1.227
1.106
1.090

1,003

" COLE,

——

1.123

1.082

1. 17?

1.025

0,937
1,257

1.163

1,067

1.350
1,162
1,149

1.023

1.157

1.16

1.2%5

1.034

0.998
1.381
1.214
1.095
1.512
1.232
1.191

1,038

1,229
1.155

1.419

1.051

1.040
1,528
1.310
1,147
1.768
1.360
1,301

1,067

1.31)
1.217
1.650
1.082
1,105
1,864
1.515
1.192
2.330
1.545
1,406

1,105

1.h99
1,397
2.589
1,199
1.267
2,808

1.860

1.365

3.521
2.124
1.672

1,181

9

1,943
7.085
1.453
1.955
8,485
3.742
2.507

15.684
6.215

12,638

1.840°



TABLE 5

§-192 RATIO CQLES OF GEOLOGICAL DATA COLLECTION

ERSIS DOCUMENT NO,
, 833033001

839007002
B3000GC003
830000004
B30000005
83500000&
830000007
830000008
830000009
830000017
830000011
830010001
832010002
B30010003
B0J2830021
863830017
' B0033N021
. BCO83GA25
- 8008301,29
ROOR3IDD I
8008300237
goCoAINNG]
BCOBIL049
BGOR 34053
BCME 3013
60231401572
BOD33 0161
LD & A

BCNA3INLAY

SAMPLE DESCRIPTION

ATACAX[TE,nnATud AL SURFACE
SYLVITE 250-12C0
SYLVITE 14-250

ANNARFRGITE T4-250

ANNARERGITE 280+-12C0
CARADTITE

VIVIANITE 14-250

VIVIANITE 250-1290
CCLEMANITE T4=-250

CLLEMANITE 250-12CQ
ULEXITE T4=250

GYPSUrK TUIE S5aND

FLAYA CRUSY

EASALT, FALPAILS FLCw

cLay, CUIBBA GRAV
LCAk, CLA#[CN
LCAM,
LCAMy ACUAN SILT
LCAMy BIREN CLAY

SANL, TEXAT CuUni

ELLY

HERQACURA PuRe SILT

LCAN,
LL AN,
LCAM,
LLAw,
LA,
LAY,

LA™,

(BN LAY B

LA

FCAULA LIGHT CLAY
Za%eSVILLE STLT
COLLTS ATUK TYRZ
2USTLY SANCY TYPE
NAAL P ROAWY LLAY
GUECILLE TYRE
GACTA eLpy YR
VOET N kT

FLAKELY (LAY Tyed

PICR
MICR

MICR

MICK

MICR
MICR
MICR
MICR

MICR

DRY
ORY
CRY
DRY
prY
nuy
DRY
nuy
Cny

ey

Dy
RS §
ey

LRY

RATTO CODE
231191 734135

424005 458432

212004 133410

45021 001268
153021 S61159%
f97127 978677
354196 ARTH4S
6ARKIT BT770%52
534004 234442
332643 343321
212002 122222,
453002 363332,
887627 887787
747776 4567EB
573328 RBALAE]
9TETE 778999
£9772E 99975
_ERB258 788885
898588 999872

BRE2GR 88838s

998749 9993aa

7317157 a7
B953949 999872
TAGE2S S35GES
Q98249
959829 5554
727748 999364
bheIIb AALLAS

QRYUSI 959997

098943



TABLE 5 (cont.)

5-192 RATTO CODES CF GEOLOGICAL DATA COLLECTICH

ERSIS DOCUMENT NO,

B0OB30191
ROOB3ACIIY
B8COB30203
804804001
809000003
809000004
8pg0Qoco7
809000008
BO3000011
809000012
809000015
809027016
BO900J019
ace000a2n
8090300623
809000024
809000027
BdQOOOOZE
809023031
.809000032
gudnn0as
BO30U0036
Bo9cLn0N3a
B0OF0N0N4N
BGIOCII43
BOMGIIN4S
BOIQG 04
Bd?CJﬁﬁb“
80300307

BN

SAMPLE [ESCRIPTION

LCAM, ELACK VCLCE4IC SANDY CRY

SANGy o INLTHURST

CLAY, JLCANSQ TYPE

TYPE

DRY

DRY

CALCIUN CARMONATE, GRANUL AR

AMPER . TREMCLITE
AMPE,  TREMPLITE
AVPH.,TREMOLITE
BNER,. ,THEMCLITE
AVPR. ACTINDLITE
AFPH. ACTINDLITE
B¥PH. ACTINALITE
ANPE,  ACTENDUITE
ANFF . HEAREL ENCE
A¥PH.  HCRAELENLE
BMFH.  HGANBLEXCE
AMPF .y HCRNRALENTE
A¥PH. ,HCRNBLENCE
A¥PH. HCRHELENCE
ANCALUSITE
ALUALUSITE
ANCRTHCCLASES
ANCRTHFCCLASE
RENYL

BiRYL

PICTLTE
CrALALLTE
CELORLTS
crLLaIT™
CLLC1RE

CAhLL=ETE

14-250

250-12C¢C

74=25)
250-12¢€0
74-25C
250-1209
74=250
250=-12€0
14=25C
251-1210
T4=250
250~12C0
74250
250-12C0
.14=25C
250-1220
Ta=250
253-12C9
“T4=25C
25C~12C0
25¢-12.
T4=25C
T4=25C
25n=120
T4=2%C

164=253

MICR
MICR
M LCR
MICR
MICA
M TCR
MICR
MICR
HICR
M{CR
MIcy
MICR
MICR
MICx

MICR

MICKR _

MICR
M ICA
FICR
Mica
FICR
MEGR
i
i
vICA

N S

RATIO COLE

_98954R

988578
_97806A

203252

EEESI8
Bg9399

898497
01123%4

221822 232200

140512 483200

131441
131811
n?lnél
561913
160920
070910
857545
123831
141891
333792
626885

142793

667347

ThATHES
655684
V217450
_031520
37479
545115
LeeT25
oL 860
AN

1727813

3121112
221100
513110
S14310
S1t011
521001
2C5768

1111432

331136

212233
334567
553224

177177

6T6865A

776657
hab&eTa
LYY
21CC1s
2200073
bea2a?
455955
ARSSTH

510006

300009 __

Tanlrla

12



TAHLE 5 (cant.)
$-192 RATIO CODES OF GEOLOGICAL DATA COLLECTION
RATIO CODE

ERSIS DOCUIENT NO, SRMPLE DESCRIPTION

BCRO00I0SE  LANEUTITE 257-1290 MIcR 274685 775346
BCIOO0O%Y  FUNMCATIERITE T4=250 MICx B0dd13 457837
BOF0JJ060 CUNCITIERITE 250-12C0 MICR  90u41E8 257593
809000062 KLCLINITE 14-25C MI1CH 343103 454334
BO9000263 KACLINITE 250-1200 mlcé 434104 dsaﬁgi
809009066 TALC 74=253 MICR 132622 332225
B0900006T TALC 250-1200 MICR  05CuC0 S41004
803000070 KACLINITE 74-250 MICR 555115 555555
BO900OOOTL KACLIANITE 250-12G0 MICKR &56205 555&44
BO90GO0T73 FMCATMCRILLCMITE 14-230 MICR . 786508 £E876]
BQ9000OT4 MUNTMCRILLCNITE 250-12C0 MICR 794408 92875]
809030077 FMCNTHMCRILLONITE  74-259 MICR 426728 563643
BO90000T8 NMOATMCORILLGHITE  2%0-12C0 MICR 182716 ée?311
809000081 NUSCOVITE 74-25C MICR $35634 334456
BO90OO089 LLIVINE-FCRSTERITE 74-250 MICR 3“25337ﬂ43321
BOI000090 CLIVIAE-FORSTERITEZS0-1200MICR  €4551& 566631
BG000093 CLIVINE-FAYALITE 74~250 MICR 030350 750000
BO9GOJ094 CLIVINE-FAVALITE 25C-12C0 %[GR C8CST0 76CCG0
809030192 CRTHLCLASE 74-252 MICR 545345 445554
509000103 CKTHCCLASE 283~1200 ICR SS56335 S65t65
809000106 ALEITE 16=23C *ICR 514364 133454
8090901067 ALRITL 25C-12CC MICR 424263 223344
BGIDOOLLN  CLIGLCLASE T4=250 YICR 433263 333344
809000111 CLICLCLASE €S0-120C ~ICY  ga42b2 u446435%
809700114  ANLESINE T4=25C M*ILR  SAHKGTS &nsSaT
BOJ0JC 115 AAMCESIANE 2571290 *ICR. 47S545 774457
BOF0I0L1E  LAFRALLHTTE T4=25C MICmn 233%72 2:3224
B80I0ICIL9  Lor a8 L0+ 250=1703 YICA 222171 211134
BLIBIOI2Z  BYTUw:dly Ta=25C “ICR 241171 032123
BUOCOAL2Y  EYTLRALTF 260=12C0 “ICR 261071 52111

13



TABLE § (cont,)

5-192 RATIO CODES QF GEDLOGICAL DATA COLLECTICN

ERSIS LOCUMENT NO.

BGIDI0126
803000127
809030133

TBO9I00131

BO90VIL34

" B{L90J0135
' 809000137
809000138
809000141
BC9D0D142
807600145
B09030145
BLI000L47
BGY000155
BO9004ONT
B0900400R
BO9004009
B09004010
B09004011
8090204013
BOYOUS003
80200500%
869205007
I L LELLE
BUYII501)
BCINO501 2
BCICINCLT
BO90Ns. 1A
BGINOAGLY

BCUDI532%

SAMPLE DESCRIPTICN
FY«X.,MUCITE J4=-252 MmICR
FYRXeyAUGITE 25C-1200 MICR
PYQX, ,LICPSIDE 74-250 MILR
FYRX .2 CICPSTILE 250=-1200 LR

FYRX ., yHECENBERGITE 74-250 MICR

PYPX. yMECIHACRGITEZSD=1237MICR

PYRX . HYPEASTHENE T74-250 MICR
PYRX . HYPEASTHENE 250-120CMICA
FYRXe BRONZITE  74-250 MICR
PYRX.,PRCNZITE  250-12C0 MICR
CUARTZ 250-12C0 MICK
CUARTZ, MILKY 149-25C MICR
CLARTZ, MILxY 250420 MICR

SERPENTINE 250=12C0 MICH

COARSE GRASS MICR
CLiver MICR

FIME NEELLES | MICR
LAVA, WEATHEREL (FEQ-STAIN)
FUMICE

LAYA, UNWEATHEREC

gauCITE 74=250 MICK
BFUCITE 250-12C0 MICR
CASSITLRITE 25C=12Cu MICR
CASSITERITA 74=259 1CR
CRRYSCL FaYL T4=2%0C MICH
fFAVSCREAYL 250=1200 MICK
CURAL LM 74=25C #ICa
CV RO 25¢-1280 “ICx
CLRelTE 74-243 MiCH
CLEVET: 250=1220 1k

RATIO CODE

061871
oscaec
orog9l
C7C99s
455694
465398
777948

161994

- £BCBS9C

€20999
323373,
535355
556455
40620
99911%
959116
994901
854725
787357
623583
2123303
141402
827147
454045
645835
tEEEZS
117625
£0ETLe
90 Hh9

Sa9&e4

541114

410013
510000
546000
665346
676643
777650
£653C0
g7ccin

aglees

122349

44455S
445966
100011
285594
985598
955956
S£5551
717116
002453
243333
643211
357862
565551
fudSbs
ESEELT
CCuer?
06gS7RE
S6399%

6E2539

14



TABLE 5 (cont.)
S-192 RATTO COLDES OF GEOLOGICAL DATA COLLECTTON

ERSIS DOCUMENT NO,  SAMPLE DESCRIPTION RATIO CODE
BO90GSN24  CisspcRs 74-290 MICR 868617 657898
BOYJ05025 ClaSPCRE 250-12CC MICR BERELT €67798
BOY05028 glerSITE T4~25C MICR 657106 GL6ETE
B09005G27  G12:SITE 250-12C0 MICR 767007 777774
BOIUOS032 GCETHITE 74=250 MICK 3937847 958521
B0J0I5035 GLETHITE 250-12C0 MICR 194756 87424
BUI005036 FEMATITE 74~25C MICR 909168 534399
B09035039 ILMENITE 74-250 MICR 727576 385877
BGI005042 LIVCNITE 250-12C0 MICR  8S7915 $$5260
BO9COS045 NEGAETITE 74-250 MICR 214294 323435
BOY00S046 NAGNETITE 74-250 MICR 141291 201113
BCI00505C FSILCYELANE 74-250 MICR 404283 0]3355
BC9005051  PSILUMELANE 250-12C0 MICR 201581 000136
BO9005053 FY2CLUSITE 74-25C KICR 456844 555479
BO9005354 PYRCLUSITE 253~1200 MICK 657836 boboBa

| BO005057 FYRCLUSITE 74=250 MICK  Ba8787 667885
.B09CO5054  FYRCLUSITE | 250-1200 MICK 819788 247899
BC9005060 RUTILE 74=259 MICR 939279 678598
809005061 AUTILE 250~12C0 MICK  $54185 779999
BC9005063 =2LTILEL T4-250 MICR 965855 778999
BCOO05054  YLTILZ 2561250 #ICK  S$79958 773399
BO9028N03 T azuaITE T4=250 MICR 105930 900079
BO900300s AZUHITE 250=-12C0 MICR  £52$3C goones
BCI008006 CALCITE T4-25C MICR 313232 1123%4
80700500+ CALCITE 255-12¢C MICR 313322 112345
BII0IR01S  CaLCIrE 74=250 HICH 313342 112333
BOAQIFALY ceLCHTR 3-5-0-'12.‘3 MICn 721'1131 1122
BOIGOEILS  COLCM|TE 74-25C “ICR 212342 011233
BOIOBIL.  CLLCHITE 257=1200) MICR 252437 r11222
BN4L0A0LT  gCLrr Ty 74-253  SIGk 313833 126234

15



ERSIS DOCUMENT NO.

BC300a8C20
BCR0D8023
8030031249
8090UB26
BC900RO27
B03QIBG3"
809303031
802008033
BG9008Q34
80900903%
BOIVDBU3T
BO302EN3I
809038040
BO30QUED4]
B5ID08042
B0300804%
807008045
809019003
‘BOI009104
BC90D9C11
BOIGOUL2
8030219015
809009916
809027
809035328
BN L2
B23217 1413
ROIIVIu4LEH
BOIDWTLY

HY I35 %7

TARLE 5 (cont.) .
5-192 RATIO COCES OF GEOLOGICAL DATA COLILECTION

SAMPLE DESCRIPTION

CCLCMITE
MACNISITE
YAGNESITE
NAGAESITE
MAGNES]ITE
FALACFITE
MALACKITE
RFCCOCHRCSITE
RECCLChRCSITE
SICERITE
SICERITE
SMITHSCAITE
SMITHSCNITE
STRONTIANITE
STHUNTLAMNITE
wITHERITE
WITHEERITE
ALUNITE
ALUNITE
aadTE
HARITE
CELESTITE
CELéSIlTE
CIANLRAR
Clanaceai
CYFSLY

0 T
SYFSL
IY¥eTY

LY e

250~12¢3
250-12C9
T4-250
T4-25C
250-12C0
74-250
250-12C2
74-25C
257-1200
14-250
250-12C0
74=258
2501-1239
74-25¢
233-12€0
14-250
250-12C0
74-250
257-12¢Q
764=-250
250=12C4a
14-25C
25¢-1202
74-250
3501200
T4=25¢
243=127)
Ta-2%0
240=1204

Ta=2%C

MICH
MICR
MICK
MIce
MICR
MICR
MICR
MICR
MICR
MICR
MICR
MICR
MICR
MICR
HICR
MICR
MICR
MICA
MICR
M1CR
MICK
FICA
¥ICR
rICH
X ot
»ICR
RE LA
10w
I Vs

O BV

RATIO COLE

312423 12%322
424133 233445
3335323 223344
231632 332210
13¢712 322100

U70&30 4C0CCS

Q€072C 20CC19

anan5s 135710
304537 056700
670596 T7:6CC
675197 777720
02€%3C 11CCCO
02091C €£CCCO
835444 344555
535434 354555
423253 233345%
434444 dd4445
656007 666764
B780C8 RBBAT3
177677 981177
THBSTR Ec8E28
707365 CC3176
BN83I37 CL62ST
E59555 B§$587
746555 £55539
312013 122352
222003 123521
$12002 122222
312032 112221

ulanld 124443



TARLE 5 (cont.)

S-192 RATIO CCDES OF GECLOGICAL DATA COLLECTION
RATTO CODE

BUI005051
BEY0JI9052
BO90UICED
809039086
B090I9GA7
BO9005096
809009337
BO900OIV92
BC9007101
809009102
BO90120186
BO9012G1L7T
809012018
. 809012019
B0I012020
BOS012021
809012024
BO9D12025
809012026
809012021
B09012028
8090120273
BOINL203S
8140040832
BladnN4a0d%
814006094
A0I261021
ACN2A3001
ADL6O L]
ALZ2GLILud
Ap2010200
An2012101
A02013101

. ERSIS DOCUMENT NO. SAMPLE DESCRIFTICN

GYFSUY 250-12C0 MICR
SYPSUY 14-25C MICR
JARCSITE

RLALCAR T74-250 MICR
TEALGR:! 250-12¢3 vICk:
SLLPRUR 74-25C MICR
SULFHUR 2501200 MICR
JCLCANIC SuaLIAATE

THENARTITE T4-24C MICH
THENARDITE 250-1220 MICR’
CHCRNELENCE CICRITE

GRANCCICRITE
FCIDHYRY TICRITE
AHEY THYCLITE
HCANELIMEE GRANITE
FCAPHYAY ANTESITE
AYTCWNITE GABERO
PCAPHYY FELSITE
RCRNBLEALE ANCESITE
PINK PHYCLITE
paSALT

GICTITF CRAMITE
PELTECTITL-SERPENTINITE

SANEewHITE

LAYA

R

CHEENSTUNG R ALTIRED RASALY
CHax1

FESALT LAYAZALTEYET SuPFACF

S“AanEe LIGiT . nlTH 75598

arvi, LISP T P alTh GEALt
Sanf, CCARSE CPFY

SAND, GRAY WASHED pIUT

S03003
515014
395937
683109
889579
TRbLGAH

T974k6

CBEL LY
12544
958544
%557
999938

LuseTe

857777

061251_521015%

51E53¢4
525354
222271

525285

124555
224555
tevi22

344553

222142 232221

514134

325584,

334174

-212261

445574
131282
656287
101171
048526
101141
848347
102492
3g23el

152E%

o0

766536

000761

Qag9a49
561549

B73567

17ATuk

-

234443
2234ép
a5a8432
ceLiz2
454555
342211
17cE63
o0coli2
SELELS
ciLlll
134798
000213
non222
31
LEhBETSH
CuelCO
+e5555
35659
TTTIAY

117ex6

17



candidates (or "look-alikes") of a given tarpet. Eventually, these codes may be useful for logic
design and mamory storage 1n near-real-tire autormtle data processors on board space shuttle or
aireraft earth resources systems of the future.

PREDICTED COMPCSITICNAL REMOTE SENSDNG CAPABILITIES OF THE $-192 SCANNER

Tre final two questions to be addressed are: for which classes of geological targets are sirgle
charmels better irputs than spectral ratios {(ard vice versa) for autcratic classification by llnear
diseriminent aralysis and new well is the S-192 scarner theoretlcally predicted to perform for each
geologie class? To answer these guestlons, the ranalonctis distance, a multivariate measwre of
separaticn, ues calcwlated for each pair of classes. Lhe Mahalonobls distance is the square of the
difference of the mean vectars ol two classes weighted by the pooled varlance-covariance ravrix,

The distance between all possible palrs of classes were calcuwlaled, along with an F-3tatistic and a
significance level of that F-statistic which indlicates how well each pair of geologic classes can

be diseriminated. The F-statistic here is a multivariate analeog of the univariate F-statistic given
in equation 2 and is proportional to the Mahalonobls distance. Tnese statlistlcal parameters were
calewlated for both singie chsrnel inputs (all twelve chamrels), and ratio inputs (top twslve ratios).
Table 6 shows a tatulation of the significance levels for all possible palrs of geologlc classes.
Since this table would te syTmetric about the dashed diagonzl line for elther sinzle channel inputs
or ratio inputs alone, the results for single channel inputs are recorded above the diageral end for
ratio Inputs are recorded below the diagonzl. The class nurbers are the same as those in Table 1.
The significance level is the probability that the sare lMahaloncbis distance cculd have been cal-
cwlated from two purely rardem (and inseparable) geologle classes. Hence, the lower the significance
level, the better the 3-1G2 scanner should discriminate between the palr of c¢lasses, For exarple,
Table 6 shows that for sepavating classes 17 (common iron oxides) and 12 (basic and ultrabasic
rocks), single charnel inpuzs would produce poor results (significance level of 0.290)}, whereas

ratio inputs would essily discrirminate between the two classes {significance level < 0.000, indicated
by a zero). Thus, ratio inputs should be employed for best autcmatic discrimination of these two
classes by the linear discriminant analysis method, In this marmer, Table & can answer both of the
questions posed above.

In order to sumerize the results of Table §, the following evaluatlon system was adopted.
SMpnificance levels greater than 0,100 {(which means that there is greater than a 10% chance that the
same distance could have been calculated from two random classes) were interpreted to mean that the
palr of classes in (uestion cculd not be discriminated well, For a glven c¢lass, the mumber of other
classes which could not be discriminated well from it vere counted by sinply following along the
proper row and colum of Table 6 and eounting the number of times the significance level was greater
than 0.100 for single channel inputs and ratio imputs. If there were no other classes which could
rot be diseriminzted from a given class, the abllity for the 3-192 scanner to discriminate that class
from all others was rated E for excellent. If only one or two classes could not be discriminated
well from the class of interest, a rating of G for good was assigned. An M for medium was assipgned
for three to five classes not discriminated well, and a P for poor was assigned when S-152 had dif-
fieulty diseriminating more than five other classss from the class of interest. Table T shows the
results of this rethod of evaluaticn with each of the seventeen classes for both the case of input-
ting twelve single channels and the case of irputtlng twelve spectral ratics as CJ :‘..k's in equation l.

Using this methed of evaluation, which 1s conservative in terms of theoretieal S-162 capabiiity
{possibly nine poorly discriminated classes would have been a better upper limlt for the P = poor
category), there are seven geologic classes which would appear to be better discriminated by
twelve single chanrel irputs, six elasses better discriminated by twelve ratic inputs, ard four
elasses widch are discriminztzd approxirately as well by either case., Among the six classes
aumtoiatizilly hiliscgiz«irﬁtjed Lazst by ratic inpuls, the common iron oxides and solls are classes for
which ratios have been highly recormended by previous Investigators (2,3 for ma; .
Thus, the results of Table 7 seem to be reasonable in light o%apast t(ax;;eﬁgnce. PRAng purposes

Perhaps the most prominent feature of Table 7 1s the difflculty predicted for mappirz igneous
rocks (elasses 10, 11, and 12) with the 5-192 scerner. This would indeed be discouragirg for geo-
logical rerote sensing, were it not for the great arount of copositional Informaticn availabie in
several pedjum-width cpostprsl bands in the 3-14 wm thermzl IR region [10].  Althougn SKYLAB cannot
collect rultichzwel thermal IR data (1% has only orne broad bang thermal channel, which canot ylald
slpndfleant emicsivity datz), the hope Is thot futuwre satellits scamners will ineluds three thermal
channels, whlch will glve gizlstaonce o poolegical remole sensing precisely where help is needed
rost.” Table 7 shows, however, that the 5-162 seovmer should be very useful for mapping products of
hydrothermal alteration, weathoring, and evapcration.

Several polnts should te erphasized concemirs the zbove camparisons between single channel ard
ratlo Inpuls lo the lincar dlizeriminmt arnlysls ejuatlons. Flrst, the twelve ratics utilize only
ten S-14%0 chunnels of deta, 20 in fast a tep-channel gearmer 1s all that would be requlred to produce
thuese sz ratio resuwlts. Had more than twelve ratlos beuen sclecled for conparison with twelve

18
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TARIE 6

SUMMARY P SEPARATION DISTANCES® FOR 17 GROUPS OF
ROCK, MINERAL, SOIL, AND VEGETATION CLASSES** USTNG 12 SINGLE CHANNEL
REFLECTANCES AND 12 BEST RATIOS QOF SINGLE CHANNELS

MR 1 2 3 & 5 6 1 8 g 0 n 2 B®m W 1B 8 1
1 6 0 .005 O 6 o 0 0 .05 .290 ,059 .09l O 512 0 232
2 ' Q. o o 0 o o 0 0 .00 0 0 Ll o 0 0
3 L0048 472 -~ 0" 0 0 0 0 0 0 001 0 004 0 0 0 0
4 0 .007 .07 - 0O 0L O©0 0 .001 ,047 .20 .023 .138 .00 .au 0 .013
5 o © .04 o0 - 0 002 O 0 006 .002 O 0 0 0 0 0
6 0 .038 .216 .07 O - O 0 o o 0 0 .06 .002 .00L O .003
T .001 ,002 .058 .010 .090 O - 0 0 Ar7 .006 0 006 0 003 0 0
8 0o 0 0 o o o6 0 - 0 ,012 .03 o 001 o 0 0 .006
9 .010 ,.016 .oa4 004 .00 .07 073 O - 016 .005 O 013 0 080 © 012
10 .099 ,1% 081 .041 .215 .005 .997 .002 .575 - LB70 L157T  W476 .025 L7700 O .081
1 .037 .091 .189 .08 .B6B .001 .998 .03 - ,159 994 - .997 .287 .00 304 0O .322
12 0 0o .003 0 .60B 0 .59 ,002 001 .326 ,963 = 059 0 050 © .290
13 ,005 .14 ,008 .008 0 .3%4 .006 O ,160 .198 .036 O - - ,aés 06 0 176
14 o o 0 0 e 0 0 0 o 0 0 0 0 - .52 0 .119
15 o © o0 © ©0 o ©0 ©0 0 -.002 'O 0 ..018 o - o  .u8
16 o © 6 © ©0 O 0 o0 0 O o o 0 0 0 - 0
17 o o0 o0 0 0 o ¢ o o 0 0 0 0 L5 0 0 -

SDigtance is the Mahalancbis multivariate measure of separation, \J'i-‘if.1 » where Vi and VJ gre the mean vectors of
classes 1 and ).

##¥Values tabulated are the significance levels (lower significance level means higher probabllity of separation) of the
observed F statistie; upper half for single channel separations, lower half for ratlo separatlons,



TABLE 7

THECRETICAL COPARISCN OF SINGLE CHANNEL AND RATIO DISCRIMIMATICH FOR
ROCKS, MDERALS, AND SOILS FREGH THES SKYLAR S-162 MULTISPECTRAL
SCARDER, E(CLUDING EVIRCIIETAL VARIABILITY

SYMBOL NO, OF CLASSES WITH SIGNTFICANCE LEVEL »0.100
E = EXCELLENT 0
G = GOOD 1-2
M = VEDIUM 35
P = POOR »5
BIASS CLASS SIGLE RATIO
NAME NUMBER CHANNEL DISCRTMATION DISCRIMINATICE
OXIDES & HYDROXIDES 1 M E
(EXCLUDING CCION :
IRCON OXIDES)
SULFUR, SULFIDES, & 2 E M
SULFATES
HALIDES 3 ‘E M
{PHOSPHATES i M E
CARBONATES 5 E M
CTAY MINFRALS 6 E 0
[QUARTZ & FELDSPARS 7 G M
AGNESTAN MDEPALS 8 E E
MINOR SILICATE MDD 9 E M
FELSIC ROCKS & CHERT 10 M P-
INTEREDIATE ROCKS 1 P P
PASIC & ULTRABASIC ROCKS| 12 M M
FLAY SOILS 13 P M
[OAM SOILS 14 M a
BANDY SOILS & SAND .15 P E
NEGETATION 16 E E
CCHON TRON QXIBES 17 P a




single channel results, the ratio case probably would have been irproved. Secord, the effects of
envirormental, instromental, and bidirectieonal reflectance variations have been ignored, aithough 1t
has been shown that spectral ratlos are less alrecved than single channel radlances by such nolse
(11}. For this reascn, rics are recormended over sirngle chamnel inputs for the classes indicated
in Table 7 as egually dlscririrated by both cases. ahird, Table 7 shows gereral results for autc-
mtic discriminoation via the iinear discriminant anzlysis methed {these should also be arproximately
true for discrimiration by the raximm iikeliboed metnod). However, the capabilities of individual
ratios to enrence certain class renkers are best assessed from the ratio codes of Table 5. The
4ndividual ratic erhancemnt rethed involves ruch sirpler and cheaper data processing and provides a
continuous gray-toned ratio irage that lends itseif to photogeoleogic technigues.

CONCLUSICQNS

This has been a 1'mited theoretical systems study of the SKYLAB S-192 rultispectral scarmer
capabllities for g=clegical remote sensing. latoratory spectra of rocks, minerals, soils, and some
vegetation vere the soie basis for the study, which exeluded envircrmental and instrurental sources
of molse from considsraticn, The tuelve S-162 chermels between 0.4 um and 2.5 um were renked
gecording to their diseriminaticon ability ercrgz seventeen assigned classes of geological targets.
Tre best twelve of a pessible slity-six ron-reciprocal speetral ratlos vere likewise selected, and
a comparison was rade betwsen the use of twelve sinzle channels and tuslve ratios for zutomatic
classification by the linear discririrant analysis methed. Although the results of this study show
that there were more classes that couwld be betier diserirtinated by using twelve single crannels than
by using twslve tor—ranad ratios for autcratic classificaticn, those ratlos utilized only %en of the
available tuelve chznnels of inforraticn. Also, the irclusion of real-world envirormental and
{nstruental variations would tend to favor ratios over the single channel as Inputs to autcmatic
elassificaticn methods. In general, it arpears that SKYLAB will be rost useful for diserimirating
minerals deposited by hydrethermal alteration, weathering, and evaporation. Discrirdnation amohg
3pgnecus silicates appears Lo be difficult with the $-192 scanner, but future scanners can probably
overcame these difficulties with muiltiple channels in the 8 ~ 14 um thermal infrared spectral regicn.

Because of their relatively sirple preduction and photointerpretabllity, ratlo images are
recommended over autcratic diserimiratien metheds for those geological targets (indlcated by the
ratio codes) that can be erhanced by ratlic imeging. Ratio codes were created to assist in the
selection of raztic images for enhancing irdividual geolegic targets, They can also be easily
searched for false alarm cardidates (or "iook-alikes") of a given target. Eventually, ratlo codes
may be useful for logic design and memory storage in near-real-time autcmatic data processors on
board space shuttle or aircraft earth resources systems of the future.

The results of this study could no doubt be significantly irproved by the addition of eonsid-
erably more spectral curves of field samples to the geologlcal data collection. ’
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